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ABSTRACT 
The naturally occurring inhibitor of DOPA autoxidation pre ent in guinea pig "kin 
has been shown to inhibit the oxidation of tyrosine to melanin by both the enzyme 
tyrosinase and epidermal melanocytes. 
Two possible modes of action were investigated and the inhibitor was shown to be 
effective by competing with the enzyme t) rosina e for the substrate . 
14C-labeled t) ro ine 
became irreversibly bound to the inhibitor, thus prevented from further oxidation. Acid 
hydrolysis of the inhibitor-substrate complex relea ed the tyro ine, which had not been 
changed. 
During the last thirty years considerable 
interest has been shown in the inhibitor of 
DL-3, 4-dihydroxyphenylalanine (dopa) autox-
idation which is extractable from many mam-
malian tissues, although skin and melanoma 
cells have provided its major source. Most 
workers have concentrated on characterizing the 
inhibitor and there are many conflicting views 
on thi subject. These have been discussed in 
the preceding paper, which also presents our 
own finding (1). The materials described can 
be broadly divided into two main categories-
those described as being heat-stable, dialyzable, 
non-protein, sulfhydryl compound and those 
which are non-dialyzable, non-sulfhydryl, prob-
ably proteinaceous compounds. 
Since the inhibitor is found in the skin along 
with the melanin synthesizing sy tern, and 
since the bio ynthesis of melanin in epidermal 
melanocytes i believed to involve the enzvmic 
oxidation of dopa as its second biochemical 
stage, it is not difficult to understand why a 
role hns been postulated for this inhibitor in 
the normal control of pigmentar~r levels in 
skin. 
The dopa autoxidation system has been used 
routinely as an assay for the study of this 
inhibitor, but apart from the study of Hirsch 
(2) , which demonstrated the action of the 
inhibitor in intact cells, little is known of the 
relevance of the inhibitor to the control of 
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normal melanin biosynthesis in skin or its 
abihty to inhibit tyrosinase catalyzed oxidation 
of tyrosine in vitro . 
Our own investigations using the dopa autoxi-
dation system which has been used widely 
during the study of the inhibitor have indi-
cated that the active factor is a protein of 
molecular weight about 6000, which requires 
the integrity of its spatial structure in order 
to function; it is not dependent upon t he 
presence of sulfydryl groups, and is heat- nnd 
U.V.-stable (1 ) . 
The present study was designed to an wer 
everal questions: I s t he inhibitor able to pre-
vent the oxidation of tyro ine to melanin by 
the enzyme tyrosinase? If so, how? Does the 
inhibitor have the ability to reduce melanin 
biosynthe i by melanocytes? 
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MATERIALS AND METHODS 
The inhibitor of dopa au toxidation was extracted 
from wbite guinea pig skin , and purified as de-
._,cribed previously (1). The inhibitory capacity of 
each preparation wa as ayed by the serial dilution 
technique (1) and ascribed a number of units of 
acti,·ity . 
Melanin synthesis by tyrosinase. The assay of 
t:vrosinase activity was performed in three matched 
silica cells. One contained 1 ml 0.5M phosphate 
buffer pH 6.5, 1 ml 0.001M tyrosine in water and 1 
ml water, the second contained 1 ml buffer, 1 ml 
ty rosine and 0.9 ml water and the third contained 
1 ml buffer, 1 ml tyrosine and 0.8 ml water. The 
three mixtures were oxygenated for 5 minutes, and 
then 0.1 ml tyrosinase solut ion (mushroom tyrosin-
ase; Koch-Light Laboratories Ltd., Colnbrook, 
England, 50 enzyme units per ml water) was added 
to the last two cells; 0.01 ml inhibitor was also 
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TABLE I 
Composition of solution used for the study 
of the mechanism of inhibition 
A B c 
0.5M phosphate 3.00 ml 3 .00 ml 3 .00 ml 
buffer pH 6.5 
3 X I0-3M tyrosine 3.00 ml 3.00 ml 3. 00 rnl 
in water 
C14-tyrosine (25mc/ 0.05 ml 0. 05 rnl 0.05 ml 
ml) 
Water 3.00 ml 1.50 m1 
Inhibitor 3.00 ml 3.00 ml 
T yrosinase (50 1.50 ml 1. 50 rnl 
units/ml) 
10.55 ml 10.55 ml 10.55 ml 
added to the last cell. The contents were mixed, 
and the ab orbancies of each cell were measured at 
280 m.u every minute for 35 minutes. 
Melanin synthesis by epidermal melanocytes. 
A. black-skinned guinea pig was sacrificed by car-
bon dioxide a pbyxiation. Its hair was removed by 
preliminary treatment with electric clippers, fol-
lowed by epilating wax. The whole skm was ~e­
moved and held taut between t\.,ro clamps wh1le 
!ices consisting of equal thicknesses of dermis ~nd 
epidermis were taken with a dermatome. The shces 
were cut into squares measuring about 1 em and the 
pidermis remov d b:v incubating in either 0.5 % 
tryp. in in Ringers solution at 37°C for 2 hours or 
2M sodium bromide in water at room temperature 
for 3Y2 hours. After this time the sheet of 
epidermi could be removed with gentle use of 
sc:alpf'l and forceps. The cuidermal sheets were 
wa h d thoroughly in Ringers solution. and then 
ftoatrd on culture medium in petri dishr .. The me-
dium con i t d of 199 tissue culturr medium (Bur-
roughs Wellcome & Co., Beckenham. EnO'land) sup-
plexm·ntcd with 10% cnlf s0rum and O.Ql ml of a 
olu tion containing 0.1 mc/ ml universally labeled 
C14-tnosine hydrochloride ( CFB 74, Radiochemi-
c:nJ · entn'. A~cr:shnm. England). Inhibitor prep-
arntion. or water n control. was added at the rate 
f 1 ml to 4 ml medium. 
Tlw rnl tnre ·were incubated at 37°C for 48 
hour . After incubation the tissues were blotted, 
wC'igh d. and transferr d to crew-capped tubes 
with 4 ml 6N hydrochloric acid. The tissue were 
hydrolyzed at 100°C for 24 hour . Electron 
micro CO J C' studies had previoi1sly hmvn tba t this 
treatment render d olubl all camponent. of the 
ti u xc pt. for the melanin, which was ha1Te ted 
on Millipore filt r . and thoroughly washed with 
wnter. After drying. the filters were disLolved in 
cintillant fluid which onsi ted of 6 g PPO and 
250 ml c llo ol ve. ab-0-Sil wa added to the 
. intillant to form a gel which maintained the 
melanin in an ev n su pen ion. The radioact ivi ty 
wa mea ured in a Packard Tricarb liquid 
·cintillati n .. p ctrometer. 
The filtrate and washings were pooled, diluted 
to 20 ml and a portion a~sayed for radioactivity. 
The filtrate was considered to contain all the 
protein of the epidermis, and. the radi?activ.ity 
would give a measure of protem synthesis dunng 
culture. 
Study of mechanism of inhibition. The fate of 
tyrosine when incubated with tyrosinase in the 
presence and absence of the. inhibitor ~as. l.i~ely 
to give a clue to the mechamsm of the mh1b1bon. 
Two hypotheses were proposed, one suggesting that 
the tyrosine was converted enzymatically by the 
inhibitor to a small molecular weight material 
which was an unsuitable substrate for tyrosinase, 
the second that the tyrosine was bound by the 
inhibitor, in uch a way as to be unavailable to 
tyrosinase. 
· Three mixtures were prepared, as in Table I. 
These were incubated at 37°C for 24 hours in a 
shaking water bath. After incubation each mixture 
was subj ected to: 
1) Thin-layer chromatography and autoradiog-
raphy. 10 ~1 samples of each incubation mixture 
and standards were applied to thin-layer plates of 
Silica Gel G. and allowed to dry. Th e chromato-
gram were developed in n-butanol-acetic acid-
water, 80:20:20 v/ v. After development the chro-
matograms were sprayed first with 0.05 % pota~sium 
fcrric-ranide in 0.2M acetate buffer pH 6.0 to locate 
dopa· and t hen with 0.5% ninhydrin in acetone to 
locate tyrosine and other amino acids. The color of 
the spots was intensified by heating to 100°C for a 
few minutes. 
Autoradiographs were produced by exposing a 
sheet of dental x-rav film to each thin-layer plate 
for one week in the dark. The films were developed 
for 6 minutes in D ental X-ray developer ( pheni-
done-h~·droquinone) diluted 1:3 with water. They 
were then \Yashed in water and fixed for 2 minutes 
in Hypam fixer, diluted 1:4 with water. The film 
was rinsed thoroughly in running water and dried 
in t hP air. 
The radioacti,·ity detected by the film was re-
lnted back to the thin-layer plates. Each radio-
actiYe area was then scraped into a scintillation 
,·ial. suspended in scintill ant liquid and Cab-0-Sil, 
and the radioactive content assayed. 
2 ) Gel-filt ration. A column of Biog 1 PlO (0.75 X 
25 em) wa · loaded with 1 ml samples of the in-
cubation mixtures. which were then elu ted i"t~ith 
water. The eluant was monitored at 280 m,u for 
protein concentration. and 1 ml fractions coll cted 
on a Gilson automatic fraction coll ector. 
0.2 ml from each fraction was mixed with 10 ml 
cintillant liquid and th radioactive content as-
sn ~·ed . 
RESULTS 
The oxidation of tyro ine by tyrosinase and 
the effect of the inhibitor of dopa autoxidation 
on this sy tern is shown in Fjgure 1. The reac-
tion wa measured by an increase in absorb-
ancy a tyrosine was converted to the quinone. 
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FIG. 1 
The oxidation was found to be proportional to 
the enzyme concentration and was linear during 
the 15-20 minutes after the initial lag phase 
of 15 minutes. The lag phase is not shown in 
Figure 1. The presence of 0.1 ml dopa autoxi-
dation inhibitor caused complete inhibition of 
this enzyme-controlled reaction. This result 
gave more significance to the possibility that 
the inhibitor is involved in the control of 
pigment production in the skin, since tyrosine 
oxidation by tyrosinase is the start of the 
normal metabolic route to melanin. 
The next step was to measure the effect of 
the inhibitor on melanin synthesis by the skin. 
Table II shows typical amounts of protein and 
melanin synthesized by sheets of epidermis 
prepared by both sodium bromide and trypsin 
splitting, and the effect of the inhibitor upon 
these. 
The method of preparation of the epidermis 
caused little variation in the amount of 
melanin synthesized, although protein synthesis 
was very much lower in sheets prepared with 
odium bromide, than in those prepared by 
trypsin. 
Sodium bromide produced epidermal sheets 
more easily than trypsin, and although the 
tissue is not normally considered to be viable 
following this treatment, some protein synthesis 
is believed to have occurred. Histological exami-
nation showed the tissue to be slightly degen-
erate after sodium bromide treatment although 
the melanocytes appeared to be intact and 
functioning normally. Trypsinati,on is an ac-
cepted method of separating ·d,¢~mis and epi-
dermis, and the cells will gro¥ in tissue culture 
after such treatment, but it is difficult to obtain 
epidermis in large sheets as it tends to 
fragment. 
The inhibitor of dopa autoxidation caused a 
marked decrease in melanin synthesis in epi-
dermis prepared either way, about 65% of that 
in the control. 
Having presumptive evidence that the factor 
has an inhibitory effect on melanin synthesis in 
melanocytes the next step was to investigate its 
mode of inhibition. 
Mode of inhibition. After 24 hours of incuba-
tion, the three mixtures, A (with both tyrosinase 
and inhibitor), B (tyrosinase alone) and C (in-
hibitor alone), showed considerable differences. 
A had a clear, very pale brown appearance, B 
had a dense, black precipitate, and C was water 
clear with no precipitate. 
1) Thin layer chromatography and autoradi-
ography revealed that no small molecular 
weight material had been produced which was 
separated from tyrosine by the solvent system 
chosen. It was therefore concluded that the 
inhibitor did not exert an enzymic effect on 
the tyrosine, and it had not been diverted 
along a path away from that of melanin bio-
synthesis. 
In each case radioactive tyrosine was found 
to be present, and a quantity of radioactivity 
was recoverable from the origin spot. Subse-
quent thin layer chromatography showed that 
both melanin and the inhibitor are unmoved 
by this solvent system and it was therefore 
TABLE II 
The effecl of the dopa autoxidation inhibitor 
on melanin biosynthesis by pieces of 
epidermis prepared by two methods 
Protein Melanin 
synthesized synthesised 
expressed as 
DPM per g tissue 
Epidermal sheets prepared by 
t rypsination 
Control 191,000 147,000 
With inhibitor 187,000 96,000 
Epidermal sheets prepared by 
sodium bromide 
Control 53,000 146,000 
With inhibitor 54,000 99,000 
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impo sible to determine which had contributed 
to the actiYity recoverable in this area. 
2) Figur 2 shows the locations of the in-
hibitor and tyrosine respectively on elution 
from a column of Biogel P 10. These are clearly 
parable. Figure 2 al o show an identical 
Biogel eparation of 1\lixture A. Only one 
protein peak i detect d and thi corresponded 
to th po ition of the inhibitor. Two radioac-
tiv peak wer present however; one IS 
ertainly tyro ine, while the other was super-
impo ed on the protein peak associated with 
the inhibitor. Mixture C how protein and 
radioactive peaks similar to tho e of A. 
Fractionation of mixture B showed a di -
ribution of radioactivity similar to that ob-
tained wh 11 active tyrosine alone wa pa ed 
through the column. Melanin remained on the 
top of the gel and tyro ina e wa of cour e 
totally excluded and emerged in the column 
void volume. 
The e re ult indicate that the inhibitor and 
tyro ine bind together to form a complex, o 
that the sub trate is no longer available for 
tyro ina e action. 
DISCUSSION 
Many workers have studied the structure of 
the natural inhibitors of dopa autoxidation 
found in animal tissues and the general con-
sensu of opinion points to two types being 
extractable, one having a relatively low molec-
ular weight and one having a high molecular 
weight. The one described in this paper is of 
the latter type, and was the only one found to 
be present in our extracts, and it was distributed 
widely throughout the organs of the guinea 
pig. 
I t wa likely that it might be functioning 
in it. capacity of dopa autoxidation inhibition 
simply as a reducing agent, e.g. cysteine or 
glutathione (3) have been implicated by some 
worker , both in this context and in that of 
the normal control of pigmentary levels in skin, 
but this can now be ruled out in the present 
case. 
Tyro ine is utilized in several biochemical 
systems e.g. for the synthe is of such small 
molecules as p-hydroxyphenyl pyruvic acid, but 
the hypothesis that the inhibitor is an enzyme 
capable of rapidly converting tyrosine to one 
of these is not establi hed by the thin layer 
chromatographic evidence presented here. How-
ever it was remotely possible that the product 
of uch a conversion might have a similar RF 
value to tyrosine in the solvent system de-
cribed, and so other solvents were tried with-
out evidence of resolution of other radioactive 
materials. 
We have shown here that the inhibitor is 
not only capable of causing inhibition of dopa 
autoxidation but has a marked effect on 
melanin synthe is from tyrosine both by 
tryosinase directly and by living melanocytes. 
Since the inhibitor i extracted from the skin 
where it must exist near the site of tyrosinase, 
it i likely that it plays a significant role in 
the control of the level of pigment in the 
skin. 
Studie on its mode of action have led us to 
conclude that it inhibit by binding to the 
ub trate, which may be dopa or tyrosine, so 
that the latter is no longer free for oxidation 
by tyrosinase. 
In previous studies little has been reported 
on the mode of action. Those reports which 
are available agree in principle with the results 
de cribed here. 
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Cooper and Mishima ( 4) have described their 
work on a heat-labile inhibitor isolated from 
malignant melanomas. This inhibitor had a 
molecular weight below 10,000 and combined 
with the substrate, tyrosine, thus preventing its 
conversion to melanin. 
Karkhanis (5) found that mushroom tyro-
sinase had a protein inhibitor associated with 
it, right up to the last stage of purification. 
Further examination revealed that the inhibitor 
was a protein of molecular weight 100,000. It 
was an apoenzyme which combined with a 
copper ion as a prosthetic group and formed 
fully active tyrosinase enzymes. Keilin and 
Mann ( 6) suggested that tyrosinase existed in 
the skin in an inactive form and took up 
copper to activate itself when necessary. While 
in the inactive form the molecule was still 
capable of binding to the substrate but was 
unable to metabolize it. 
Seiji et al. (7) believe that the inhibitor i n 
small non-protein sulfhydryl molecule, and have 
tentatively identified it as glutathione. They 
have studied the mode of inhibition by gluta-
thione and have found that it binds, not to the 
substrate, but to one of the oxidation products 
of the substrate, thus preventing its further 
oxidation to melanin . They have not positively 
identified the. complex but they believe it to 
consist of glutathione and dopa quinone. 
Hirsch holds firmly to the idea that the 
inhibitor acts by binding tightly to the copper 
or other metal ion which are nece sary for 
catalyzing dopa autoxidation (8). 
In spite of the wide disagreement which 
exists on the actual structure of the inhibitor, 
most workers seem to agree that its mode of 
action is one of competitive inhibition with 
the enzyme tyro::::inase. Either the substrate or 
one of its immediate OA'idation products binds 
to the inhibitor so that oxidation to melanin 
does not occur. 
Not only is this significant in the control 
of normal skin pigmentation, but Demopoulos 
(9) ha reported the elective inhibition and 
regres ion of malignant melanomas by tyro-
sine deprivation. 
The role of thi material in skin pigmentation 
control has not been resolved, since our own 
tentative attempts to produce skin lightening in 
live animal by both topical and parental ad-
ministration of the inhibitor have been un-
successful. 
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